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Executive Summay

In order to meet industdemands and improve efficiendie Federal Aviation Administration
(FAA) is examiningshared-separation responsibibity a future operations concefthared-
separation responsibilitalso referred to ag€&e Hight, will allow pilots geater freedom to
maneuver their aircraft and choose their preferred rolNes: technologes and automation
could allow pilots to acceptrgater responsibilitjor separatingheir aircraft. Air Traffic
Control Specialists (ATCSs) could monitor air traffic and impose restrictionsadrdp
necessaryo ensure safetyThe airline industrynaythen benefit from more efficient flg
opeaations tha will reduce fuel consumption ad lowe opeating costs.

In this sheed-seaation environment, therole of ATCSs will dhange from an active command-
and-control authorityo a more passive element in thetsyn. Allowing pilots geater freedom

to maneuve thar arcraft may make it moredifficult for controllers to mantain situaion

awareness (SA) and respond to loss of aircraft separation when néddess will require new
technologes and automation to support their SA and maintain safehe sgtem. This

simulation studyevaluated the effects of an advanced disptamcept on controller SA,

workload, and performance while operatinga shared-separation environmeAtsecondary
objective compared different SA measurement techniques and offer recommendationsfor usag
in future air traffic control (AT¢ studies.

The advanced displagvaluated here consisted of a small window df itgormation placed on
the exsting ATC radar dsplay. The dsplay provided nformation © contollers regrding each
aircraft’'s intended dtitude, heading, or arspeed change as pilots fresly maneuvered during
shared-separation operatioria.the studysimulation pilots sent the information when their
aircraft initiated a maneuver and removed the dntiy the displayhen their aircraft reached
theintendad dtitude, heading, or arspeed. Theadvanced displgy simulaed futuredaalink
automaion beaween aircraft flight management systans and ATC fatilitie s.

The shared-separah envionmentused n the currensimulation represetl an advanced
operations concept with specific rules and assumptibiust, pilots were free to maneuver their
aircraft without usingroice communications to inform controller€ontrollers were to assume
that everyaircraft was equipped with an advanced traffic disghay allowed pilots to separate
their aircraft safely In addition, controllers were to assume that pilots used an air-to-air voice
frequencyto conmunicate with each dter and negtiate separabn maneuvers.However, he
air-to-air frequencyvas not available for controllers to monit&@ontrollers were not to issue
traditiond ATC commands to pilots.Instead, controllers issued trafic warnings to pilots tha
identified potential conflictsControllers issued advisosgparation maneuvers to pilots when
necessaryo ensure safetyput pilots could igore these advisories at their own risk.

A team of human factors researchers and ATCSs conducted the simulation in the Research
Development and Human Factors Laboraory a the FAA William J Hughes Technical Center.

The studyemployed thelaboraory's high fiddity ATC radar simuldion equipment and softwae.
Six simulaion pilots @mmuni@ted with controllers and movel dl radar targets usingsimple
keyboard cormands. The researchers dewgled gneric en rou¢ arspace forlie stidy. The
generic airspace represented ahhatitude sector that was edsy controllers to learnThe
researchers dagied taffic scenans wih scrpted plot maneuvershatensured coniftting



aircraftremained separatl. However, each scenardepcted one paiof conflicting aircraft that
would not separate safelyithout controller intervention and an advissgparation maneuver.
This situdion represented arare pilot error tha illustrated theconseuences if controllers did not
reman vigilant.

Ten FPL controllers paticipated in three simuldion trids usingthe current displgy system and

three trials usinghe advanced displayncept.Controller performance was evaluated using
objective measures producedthg laboratorys simulation software and with subjective
measures provided lige ATCSs usingn over-the-shoulder ratirigrm. Controller situation
awareness was measured ughng Situation Awareness Global Assessment Technique and the
Situational Awareness Ratifigechnique.In addition, the researchers used an on-line SA probe
technique that presented questions to controllers dthiangimulation.Controller workload was
assessed ugjy the Natonal Aeronauics and $ace Adnmistration Task load hdexand he Air
Traffic Workload hput Technique.

The results indicated that the advanced dish&ysome specific benefits for controller
performance and SAAlthough the results were not statisticadlignificant, controllers tended to
make fewer gound-to-air transmissions when usithg enhanced displaylhis result sugests
thatwhen contollers receved nformation confrming that pilots were naneuverng correcty for
aircraft separation, there was no need to issue further advisbriaddition, the advanced
display dramaticaly increased cormller awareness for wbin arcraft were confornng to their
advisories.However, the results indicated that controller workload (specificadigital
workload) increased with the advanced disglegbablydue to monitoringdditional
information.

Theresults indi@ted consideable variability between thedifferent SA mesurement techniques
used in this studyTherefore, the researchers can not makecanglusions regrding the

validity of theSA techniques. Ultimately, researchers must us¢éhetechniquetha they bdieve

best represents controller situation awaren€smtrollers did indicate that the Situation
Awareness Global Assessment Technique b@aintrusive to ATC operations, whereas the on-
line SA probe technique was nothe researchers recommend additional simulation studies to
evaluate other advanced disptancepts and their impact on controllers operatirghared-
separation environments.

This studyrepresented a relativellgw technolog implementation of simulated free fhig It
demonstrated that a sample of controllers could work witAsttechnolog and its
implementation improve, as projected ire€& Hight Phase,lthe concept could become
increasingly morefeasible.

Vi



1. Introduction

In order to meet industigemands and improve efficiendiie Federal Aviation Administration
(FAA) is examiningshared-separation responsibibty a future operations concefthared-
separation responsibilitalso referred to ag&e Hight, mayallow pilots geater freedom to
maneuver their aircraft and choose their preferred rolNes: technologes and automation may
allow pilots to acceptrgater responsibilitjor separatingheir aircraft. Air Traffic Control
Specialists (ATCSs) mawonitor air traffic and impose restrictions omfien necessarny

ensure safetyThe airline industrould benefit from more efficient flig operations that will
reduce fuel consumption and lower operatogts.

In this sheed-sepaation environment, therole of ATCSs will dhange from an active command-
and-control authorityo a more passive element in thetsyn. Allowing pilots geater freedom
to maneuve thar arcraft may make it moredifficult for controllers to mantain situaion
awareness (SA) and respond to loss of aircraft separation when n€srecbllers will require
new technologs and automation to support their situation awareness and maintainrs#iety
system.

Recent research, however, found that without n@esyf decision aids, ATGSnaysuffer
from significant decrements in SA and increased workload (Endstegford, Allendoerfer,
Snyder, & Stein, 1997).These effects magave controllers unable to adequatehek up
aircraft that are responsible for self-separation (or to back up automstechsyhat provide
aircraft separation)Controllers mayhave difficultydetectingand preventingeparation
problems & thdr role changes from ative controlling to morepassivemonitoringin afuture
shared-separian envionment

1.1 Backgound

Theability of controllers to mantain an up-to-dée mentd modé of a dynamic and mmplex
traffic situation depends on their ability integate information about maraircraft into an
internal structureThis internaliation allows relationships between aircraft to be understood
(e.g, which arcraft are taffic for each dter, reétive speeds, beags, and ascendr descent
rates). This beomes amud moredifficult job & the predictability of theaircraft decreases
under self-separation conditionslore limited attention and workingiemorywill be required to
process each aircraft, leavitige controller with higer workload, poorerA or both.

Severa factors mg bebehind these difficulties. Thefirst is adecrease in arcraft movement
predictability assocated with direct routes. The normd route strudure provides dl the
information necessaifpr projectinghow aircraft will transition across the airspace and with
whom theymight have future separation problenihis type of projection (the higest level of
SA) is extremely important for acting with suffident timdiness to pregent sgaration losss. In
sef-separaibn ATC envronments where aicraft can dewvate fromtheir pubished tajecbries at
will, ATCSs mg beeven less dle to kesp up with ar traffic and intevenein atimey manne.

For controllers to mantain an effective role, they need modifications to displgs, automded
systams, or proedures to regain somedegree of predictability. Increasing the predictability



should sigificantly assist them in developirtbe mental traffic picture needed at a lower level of
workload in such operational conditions.

Displayenhancements mde more effective than rehg on purelyautomated techniques (g.9
conflict probe) for his assstance. Automated systenms can reduce/sthroudh conplacencyand
vigilance effects, geater use of passive processiather than active processjrand chanes in
operator feedback (Endsl&yKiris, 1995). Therefore, interface concepts that focus on providing
better SA maye more effective for improvingperator performance than concepts that focus
primarily on decision aidingEndsley& Selcon, 1997) The gral of the present research was to
explore an enhanced displa techniquedesigned to provideATCS with morepradictability in
processig sef-separaion ar traffic.

1.2 Obijectives

The primaryobjective of this studwas to evaluate the effects of an advanced digaagept on
controller SA, workload, and performance while operaitmng shared-separation environment.
A secondarybjective was to compare different SA measurement techniques and offer
recommendations for usagn future ATC studies.

2. Method

2.1 Paticipants

Participants were all gxerienced full performance level (EPATCSs from five different en
route Air Route Traffic Control Centers (ARTCCSs) in the UT&n controllers, eigt men and
two women, were included in the studylean ag@ was 39.6 gars. Mean exerience was 12.05
years at PL, with an averag of 15.4 pars of eperience in ATC.All participants were current
at their ARTCC with at least 16 hours controllimgffic in the precedinghonth. All participants
were required to have self-reported corrected vision of at least 20d8{ipation in the study
was on a voluntarpasis and complied with#A regulations for use of human participants.

2.2 Experimental Desiqg

The studyemployed a within-participants desigvith two levels of one independent variable.
All participants eperienced three trials in each of the two conditiofise researchers provided
a counter-balanced order for condition across participants.

2.2.1 Independent Variable

The amount of ATC displagupport served as the independent variable for theWést.
examined two conditions:

e Baseline- This condition emplogd current ATC radar displagpnd flight strips. It
served as the control condition.

e Enhanced DisplayIn addition to the traditional radar displagd flight strips, this
condition incorporated a new displdgsigied to enhance controller SA that appeared in
a window on the radar displayonitor. The window displagd additional information for




each aircraft in the sector that was in a transitiogtate (those changg heading
dtitude, or arspeed). All displayed arcraft (Table 1) wae in atransitionay stae (up to
the 10 nostrecen). Each new emy appendedathe botom of the Ist. As each acraft
reached its taeg altitude, airspeed, or headjnige displagd entrydisappearedThe
displayprovided a simulation of data that ritde available in the future air traffic
system bydatalink from the on-board computers of an aircratft.

Table 1. Enhanced Display

DAL347 R H120
USA876 L HO090
AWEQ998 C A350
UAL641 D A310

2.2.2 Dependent Variables

The researchersxamined several measures as dependent variables, inchetfiogmance, SA,
workload, and thesubjetive impressions of theontrollers seving as paticipants in this study

2.2.2.1 Performance

Performance neasuresricluded obgcive measures of contller and sgtem performance and
subjective ratingof controller performance.

2.2.2.1.1 Objecive Rrformance Measures

The ATCoach (1992) simulation computer collected a vaagktbjective performance data
duringthe study We performed calculations to derive relevant performance measliney.
were

a. Sdety
1. Number of En route Conflicts
b. Efficiency

1. Number of Fights Handled
2. Numbe of Hights Compléed
3. Totd Aircraft Flight Time
4. Total Aircraft Distance Flown
c. Communications
1. Number of Ground-to-Air Transmissions
2. Duration of Ground-to-Air Transmissions

2.2.2.1.2 Subjecive Rerformance Measures

A subject matter epert (SME) provided a subjective ratingparticipant performance at the
conclsion of eachria using a nodified verson of the observer chedkt devebped by
Sollenbergr, Stein, and Gromelski (1997) (Appendix Personnel at the Research
Development and Human Factors Laboraory (RDHHA.) a the FAA Willia m J Hughes Technical
Center developed the observer checklist used for this.s&M¥s for the studyere

3



experienced controllers who wee familiar with theopeationd conaegpt and senarios tested.
Theyobserved each pasipantas heycontolled traffic in the scenaas. At the end of each
trial, an IME made a sulgcive ratng of the paricipantperformance on eachem in the
checklist usingan 8-point scaleThe scale rargd from 1 (ekremelypoor judgnent and made
very frequent errors) to 8 (alwayemonstrated egllent judgnent and used outstandiagntrol
techniques). The checklist items in@rporded certain changes in wordingas gppropride for the
opeaationd conacept. Thechecklist items wee

a. Maintaining Sde and Efficient Trafic Flow

1. Maintaining Separation and Resolving Potential Conflicts
2. Using Sepaation Interventions Effectively
3. Overal Safe and Effcient Traffic Flow

b. Maintaining Attention and Situdion Awareness

1. Maintaining Awareness of Airaaft Positions
2. ldentifying Traffic Conflict Problens in aTimdy Manneg
3. Correcting Own Errors in &imey Manneg
4. Oveadl Attention and Situdion Awareness
c. Prioritizing
1. TakingActions in an Appropriate Order ahportance
2. HandlingTasks for 8veral Aircraft
3. KeepingData Bocks Up-to-Date
4. Ovedll Prioritizing
d. ProvidingControl hformation
1. ProvidingEssential Air Traffic Controliformation,
2. ProvidingAdditional Air Traffic Control hformation
3. Overall ProvidingControl hformation
e. Technical Knowledg
1. ShowingKnowledge of Letters of Ageement (IOAs) and Standard Operating
Procedures (SOPs)
2. ShowingKnowledge of Aircraft Capabilities and Limitations
3. Overall Technical Knowleds
f. Communi@ting
1. UsingProper Phraseolgg
2. Communicaing Clearly and Effcienty
3. Listeningfor Pilot Readbacks and Requests
4. Oveaal Communiating

In addition, the SMEs provided an overall ratdegcribinghow well the controller manad
traffic on a 10-point scale (1-poor to 10trexnelywell) duringeach trial.

2.2.2.2 Situdion Awareness

In addition to the subjective ratirmg attention and SA provided ltge SME on the Observer
Checklist, three other measures of SA were included in the. study



2.2.2.2.1 Situation Awareness Global Assessment Technique

The researchers emphky the 8uation Awareness Global Assessment Techniq@&s(sT) as
an objective measure of participant SA duriihg test (Endsley1988; Endsleyl995b; Endsley
& Rodeers, 1994).To collect AGAT data, four freegs occurred in each trial. (TWASAT
freezs occurredn training trials.) Freezs occurred atandonty sekecked ntervals and were
unpredictable to the controlleAt the time of the freeze, the controller radar displag blanked
and the simulation fran. A computer collected the controller answers to each of A@AS
queries at each freezSAGAT queries (AppendiB) consisted of questions @ding

a. Leve 1 SA - Peception of theTraffic Situaion

Aircraft Location

Aircraft Level of Control
Aircraft Callsign

Aircraft Altitude

Aircraft Groundspeed
Aircraft Heading

Aircraft Flight Path Change
Aircraft Type

b. Level 2 & 3 SA - Comprehension and Projection of Traffic Situation

Aircraft Next Sector
Aircraft Separation
Aircraft Advisories
Advisory Recepion
Advisory Conformance
Aircraft Hand-offs

Aircraft Communications
Specal Airspace 8paraton
Weather Inpact

2.2.2.2.2 On-line SA Probes

ONoOrWNE

CoNoOOA~WNE

The researchers also measured SA uaingn-line probe technique that presented questions to
controllers duringhe simulation.The on-line SA probe technique is similar to the Situation
Present Assessment Method (SPAM) developeDudorgo et al. (1998)This technique allowed
SA data to be collected without requirifigezs in the simulation.

Throudhout the trial, one of the prrimenters posings the controller of an adjacent sector
periodicallyinterjected SA probes while the simulation was runnifigese probes took the form
of verbal questions that directtprresponded to enj of the SAGAT queries (fourdvel 1 SA
probes and four Level 2/3 SA probs). Theon-line SA probs weae similar in naureto the
SAGAT queries, allowinga comparison between measurel@wever, theyoccurred while the
simulation was runningnd the participant had full view of the disgayd flight strips. The
researchers set the timinfjthese SA probes either 1 minute before or 1 minute after each
workload raing probe beginningat a point ten minutes into thetrial. This timingalows a
comparison of the on-line SA probe reaction times (RT) with the correspondmktpad probe.
The researchers administered tifeBobes in a random order and recorded the accofabg
participant response and time to respomte followinglist identifies the probes.



a. Level 1 SA - Perception of Traffic Situation

1. What is the current headirigr aircraft X?

2. What is the current fligt level for aircraft X?

3. Climbing, deseendingor level: which is rrect for arcraft X?

4. Turningright, turningleft, or on course: which is correct for aircraft X?

b. Level 2 & 3 SA - Comprehension and Projection of Traffic Situation

1. Which arcraft have lost or will losesgaration if they stay on ther current (intended)
course?

2. Which arcraft will be affected by weather within thenext 5 minutes unless a action
is taken to avoid it?

3. Which aircraft must be handed off within the h@xminutes?

4. What is the neixsector for aircraft X?

2.2.2.2.3 Situational Awareness Ratifigechnique

Finally, SA was also measured usithg Situational Awareness Ratifgchnique (SART)

(Taylor, 1990). The 10-dimension version of SART provides a bipolar scale for participants to
subjcively rate their own SA on each of 10téms (shown n Appendk C). The 10 raigs

combine to form a ratinfpr each of three major factors: supplresources, demand for
resources, and understandimgn overall SART ratingorms from these factorsThe

researchers ohined ART atthe conpletion of eachria with a conputer.

2.2.2.3 Workload

The participants provided three measures of workload, and the SMEs provided two subjective
measures of workloadThe researchers administered the Air Traffioload hput Technique
(ATWIT) at 5-minute intervals throbgut the trial to obtain a subjective workload ratiram

the participants on a 10-point scale (Apperid)x ATWIT provides an unobtrusive and reliable
means for collectingontrollers’ workload rating(Stein, 1985; Stein, 1991)he participants

and the SMEs also provided a subjective workload ratimgediatelyfollowing each trial using

the Natonal Aeronauics and $ace Adnmistration (NASA) Task Load hdex(NASA-TL X)

(Hart & Staveland, 1988), provided in Appendix Finally, the SMEs and the participants
provided a subjective assessment of workload on a 10-point scale.

2.2.2.4 Subjective Questionnaire

The researchers provided asR Trial Rarticipant Subjective Questionnaire (Appends to each
participant after each trialOn this questionnaire, the participant evaluated how harditaesy
working, how dffi cult the scenad was, and how wethey contolled traffic in the precedig
trial. The researchers distributed a Posp&mment Participant Subjective Questionnaire
(AppendixG) at the end of the studyParticipants provided their opinion on the stuithe
enhanced displaynd the level of perceived intrusiveness and ease of use of the SA and
workload measures included in the study

2.3 Apparatus

The researchers conducted the test in the RDMMich is a hig-fidelity ATC simulation
facility with equipment thd includes @ntroller workstaions with hidh-resolution ralar displays,
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three-button trackballs, ATC kkbgards, and ATCoach (1992) simulation softwakeroice
communigtion link dlowed controllers to issuecommands to aemoteroom of simuléion pilots
who moved the radar taets. A flig ht strip baywith printed, standard-configation flight strips
provided information for each aircraft in the simulatighpanel for the ATWT measure was
included to the left of the radar displayhe researchers administerefiGGAT, SART and
NASA-TL X procedures using computer placed adjacent to the contralistiation. The
researchers provided on-line SA probes verballgr the participant headsets and subjective
measures usingaper forms.

2.4 TestScenaros

The researchers created 10 scenarios for the simuldtlwese included sitest scenarios and

four trainingscenarios of appraxately45 minutes eachThe sixscenarios were similar to each
other in terms of relative traffic densiynd complety. The scenarios took place in engric

airspace hig altitude sector (Genera Sector), which was developed and validated for conducting
human factors research testi{@utman, Stein, &romelski, 1995).

The scenaas used a skekeparain operabnalconcept Under hese fight rules, he plot and
the ATCS each had certain responsibilities and assumptions.

a. Thepilot

1. was responsible for aircraft safetyd in-flight separation with other aircraft;

2. was responsible for chaimgy routes and altitudes to ensure aircraft separation;

3. did not need to inform ATC of actions beforehand but @olpmunicate with ATC
as needed for coordination (g.gespond to queries);

4. assumed havingnboard sgtems to provide weather, special use airspace, and other
aircraft information;

5. maycommunicate with other pilots as needed (througjce or datalink);

6. assumed that a datalink-likessgm would downlink certain aircraft information to
ATC and other aircraft (e.gthat incorporated in the ATC enhanced disglaycept).

7. maychoose to follow the advisoor elect to take another course if desired to resolve
the conflict (advisories and warnmgrovide advice and not a commanded clearance
as n the currentystem);

8. retains responsibilitjor the aircraft separation at all timeBhe pilots can choose
another course of action (override the controlleigssigon) at their own peril but
may choose to do so as thaxe alwag responsible for the safeand flicht path of the
aircraft.

b. The ATCS
1. was responsible for normal sector hand-off/point-out procedures and coordination;

2. must have the data block up to date before aircraft was handed oft &entox;
3. provided back up for aircraft separatiofhis means

a) if the controller determines that two aircraft are in conflict and have not self-
separated, thecontroller is to st@ in and resolvethe conflict by

1) giving warning- (e.qg, traffic at 2 o’clock), or
2) providingan advisory (e.g, advise descend and maintain 10,000 feet).



b) the controller should provide the warnjrigliowed bythe advisoryf needed.
The controller should provide the warniogadvisoryto both aircraft involved.

c) if the controller sees that an arcraft actions (deviations from thér listed flight
plan) will lead them into conflict with a third aircraft, thelyould provide a
warningor advisoryas needed to that aircraft.

Accordingto the type of performance @ected under self-separation (assunsome form of on-
board ailing system), the scenads were scpted so hatthe arcraft maintained he requied
separdbn or beter betveen aicraft during the scenads. During each scenawi however, a few
problems were included in which the aircraft did not adequataintain separationin these
cases, controller intervention was required to insure separ&amtrollers did not know in

which cases the pilots would separate themselves and in which casestiéyot do so
adequately The scenarios, therefore, represented an operational concept in which controllers
occupya passive monitoringple, interveningprimarily by exception.

The scenarios incorporated hand offs, procedures, and separation standards as are currently
employed in controlling traffic with theexception of theproedurd changes desaibed. Flight

plans for the aircraft used direct routingoor weather and turbulence conditions in the scenarios
provided rationale for pilot variance from direct routes and realism in the simulation.

2.5 Procedures

Each participant controlled traffic in both conditions, administered in a counter-balanced order.
The three trials for each condition occurred consecutiiElenlyassiged to each condition,
the sixscenarios occurred in a counter-balanced order across trials and participants.

Each participant completed the stumyer 3 consecutive dayA lunch break and two rest breaks
occurred each dayOn the initial dayf the studyparticipants received an introduction to the
simulator and studinstructions. Theyalso received instructions foA&AT, the on-line &
probes, SART, ATWT, and NASA-TLX. The participants completed the required NASAXTL
paired-comparison ratingrms. Theyreceived 1 hour of familiaraion trainingon the

ATCoach (1992) simulator, Genera Sector, and the operational concept.

For each condition, participants received two trainirads on the eperimental condition tested.
During each of two stops to practice fillimyt the SAGAT, there were four on-line SA probes.
Three trials for that condition followedAn audio tone at five-minute intervals prompted
paticipants to fill out theATWIT sale. Theeght on-lineSA probe ocurred ove the
paricipantheadseteither 1 mnute before or 1 mmute following each ATWT raing. The
researchers instructed the participants to respond vetbabch on-line & probe as quickly
and accuray as posdile.

Four freees occurred in each scenario at random times to collect SAGAT Alattae time of
each freee, he radar screendmked andhe smulation paused wihe the paricipantconpleted

the SAGAT queries on the computem.he participants first saw an electronic map of the sector
that showed onlyhe boundaries and nael@n fix points. The researchers asked them to
indicate the location on the map of all aircraft curreatiger their control, all aircraft handed-off
but still inside their sector boundaries, and all aircraft soon to be under their caiizol.



remainingSAGAT queries then appeared in a random order in relation to the aircraft that the
paticipants indiated were present on themap. Paticipants @mpleed dl queries and then
returned to the simulation at the point where thag left off (takingapproxmately5 minutes for
the freee). The researchersage them a few seconds to observe the radar screen, after which
they resumal thesimuldion.

As the participants filled out the SAGAT battetiye SME filled out the SAGAT data collection
form (AppendixH) while viewingthe radar data and fhg strips. This supplemented the data
collected bythe simulation computerAt the end of each trial, the SME filled out the
obsevation checklist form raing the paticipant peformance. The paticipants @mpleed the
SART, NASA-TL X, and Pst-Senario Questionnaire at the end of each tifdleyalso
completed the Post-Beriment Questionnaire at the end of all of the simulation trials.

3. Results

The results of this studgre in four main sections: ATCS performance, controller workload,
controller SA, and subjective evaluatioria.addition, the researchers conducted a comparative
andysis of theSA measures usal in thestudyto assess theutility of these tools for ATC

research.

Analysis of Variance (ANOVA) includingnain effects of condition, trial, and the two-way
interaction. The TukeyHSD procedure post hoc test provided comparisons between conditions.
The researchers used apla kbvel of p < .05 for all statistical tests.

3.1 Air Traffic Control Rerformance Rsults

Table 2 shows the ANOVA results for the objective measures of performance, and Table 3
shows the ANOVA results for the subjective measures of perform&ineeresearchers discuss
these results sparately.

Table 2. Analysis of Variance Rsults for Objgecive Rerformance Measures

Condition Trial Interaction
Variable F-Value [df |F-value [df [F-value [df
Safety
Number of Stardard Enroue Conflicts ~ [0.130, N.S [1,9 [0.550,N.S [2,18 [ 2.670, N.S [ 2,18
Efficiency
Number of Flights Hardled 0.000, N.S |1,9 |0.730,N.S | 2,18 | 4.850* 2,18
Number of Flights Completed 8.620* 1,9 ]0.100,N.S (2,18 ]0.340, N.S | 2,18
Tota Aircraft Hight Time 0.080,N.S |1,9 |1.250,N.S |2,18 ]0.910,N.S [2,18
Total Aircrat Distance Hown 0.060,N.S (1,9 |1.050,N.S (2,18 |1.010, N.S |2,18
Communications
Number of Ground-to-Air Tramsmissions |3.990, N.S (1,9 |2.060,N.S (2,18 |1.390, N.S |2,18
Duration of Ground-to-Air Trarsmissions | 3.680, N.S (1,9 |3.130,N.S |2,18 |0.850, N.S |2,18

*p<.05



Table 3. F Statistics Obtained from the Two-w®NOVA Performed on the Observer and
Paticipant Peformance Raings

Measue

Main Effect: Caondition

Main Effect: Trial

Interactian Effect

Overall Performance Ratings

Participant Overall Rating F(1,9)=0.39 F(2,18)=0.75 F(2,18)=2.45
Observer Owerall Rating F(1,9)=0.93 F(2,18)=0.73 F (2, 18) = 15.13*
Observer Ratings
Safe & Efficient Traffic Flow
Maintaining searation F(1,9)=0.22 F(2,18)=0.77 F (2, 18) = 4.51*
Using catral instructions F(1,9)=0.87 F(2,18)=0.48 F(2,18)=3.25
Overall F(1,9)=0.79 F(2,18)=0.38 F (2, 18) = 3.75*
Attention & Situation Awareness
Maintaining anareress F(1,9) =2.09 F (2, 18)=0.47 F (2, 18) = 5.46*
Deternining traffic problens F@,9 =171 F(2,18)=1.78 F (2, 18) =5.16*
Correcting own errors F (1, 9) =5.85* F (2,18)=2.06 F (2, 18) = 6.05*
Overall F(,9) =212 F (2,18)=0.39 F (2, 18) = 8.48*
Prioritizing
Taking actiors in order F(1,9) =0.21 F(2,18)=0.63 F (2, 18) = 5.95*
Hardling tasks for several aircraf  F (1, 9) = 0.17 F(2,18)=2.65 F(2,18)=3.09
Keeping dasblocks up-to-dae F(1,9) =0.10 F(2,18)=0.26 F(2,18)=2.98
Overall F(1,9)=0.01 F (2, 18)=0.68 F(2,18)=3.31
Providing Control | nformation
Providing essential ird F(1,9) =101 F(2,18)=1.98 F (2, 18) = 6.38*
Providing adlitional info F(1,9) =0.02 F (2, 18) = 5.25* F (2, 18) = 13.05*
Overall F(1,9) =151 F(2,18)=1.07 F(2,18) = 7.28*
Technicd Knowledge
Knowing LOAs ard SO F(,9)=2.86 F(2,18)=1.42 F(2,18)=2.36
Knowing aircraf capahlities F(1,9) =2.67 F(2,18)=3.00 F(2,18)=1.87
Overall F@,9=171 F(2,18)=1.98 F(2,18)=4.77*
Communicating
Using proper phasology F(1,9) =102 F (2, 18) = 4.29* F(2,18)=2.76
Communicatirg clearly F(1,9)=1.98 F (2,18)=0.45 F (2,18) =6.23*
Listening to pilots F(1,9)=0.76 F(2,18)=0.35 F(2,18)=2.94
Overall F(1,9)=0.76 F(2,18)=1.09 F (2,18)=4.28*

* indicates a statisticallseliable efect at a sigificarce lewel of p < .05
** indicates a statisticallseliable efect at a sigificarce lewel of p < .01

3.1.1 Obijecive Rerformance Measures

No significant man effects or inteaction dfects wee present for any of thesdety of flight
measures shown in Table Of the efficiencymeasures, the displagndition sigificantly

effected the number of completed Hitg. More flights were completed in the enhanced display
condition (mean = 23.37 fligs) as compared to the baseline condition (mean = 22.8%llig

The number or duration of flids handled, the distance the aircraft traveled in the sector, and the
cumulative averagaircraft densityvere not sigificantly different between conditiongzurther
examinaion showel tha there was asignificant condition bytrial interaction efecting the

number of flidits handled.While the number of aircraft handled the third trial was sligtly

higher in the baseline condition, it was &lily lower in the enhanced displagndition, as

shown in fgure 1.
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Figure 1. Mean flights handled bgondition and trial.

None of the control stratggr communication and taskload variables showeaifsggnt main
effects or interaction effectdNo use of speed as a control strgtegcurred duringhe study

There was arénd p = .057) towards fewer headimpangs per aircraft handled in the enhanced
condition (.20) as compared to the baseline condition (Ga@htrollers also tended towards
fewer transmissions (105.7 vs. 126.0) of shorter duration (364.3 vs. 457.1) in the enhanced
condition as compared to the baseline condition, altthdligse were not sigficant at the

p <.05 level.

3.1.2 Subjecive Rerformance Measures

Controllers provded a sulgcive evalaion of heir own perfornance athe end of eachitl.
Subijective ratingof how well theycontrolled traffic were not sigficantly different between
conditions or trials as shown in Table 8o sigificant difference between conditions or trials in
the SME rating of overall controller performance was present, althahgre was a smgficant
condition bytrial interaction. An examination of the interaction revealed that it reflects
differences between the two SMEs who served as raters in the stsitlye SMESs alternated
serving as he raer for each compller paricipantafter each tial, the nteracion reflecied he fact
that one of the SMEs tended to provide subjective rathmgf were sligtly higher than the other
SME. Similarly, a significant condition bytrial interaction ebsted for manyof the subjective
ratings shown in Table 3Because each SME rated each participant an equal number of times,
this effect should not have confounded the other reskghe interaction reflects differences in
theraters rahe than an issueof interest to thestudy theinteractions in thesubjestive

performance ratings will not befurthe disaissel.

There were no siguificant man effects for theSME rdings related to sde and dficient trafic
flow, prioritizing, or technical knowledgshown in Table 3Analysis of the SME rating
relating to mantaining atention and SA revealed tha ratings of thedegree to which controllers
corrected their own errors in a timehanner were better in the enhanced disptadition, as
shown in kgure 2. Trial or condition did not sigjficantly affect other ratingin this categry.
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Analysis of the SME raings of contoller performance reve&d no gynificantdifference betieen
conditions in the ratirgyassociated with providingontrol information or communicatingfwo
variables showd asignificant man effect of trial, however. Trial significantly affected
providingadditional ATC information, as shown imgire 3. As a siguificant trial bycondition
interacion abo was preserdn this variable, the researchers evalied the effectof trial for each
of the two conditions separatelyhe effect of trial was sigficant for both the baseline display
condition [F(2, 17) = 12.358p < .001] and the enhanced displegndition F(2, 19) = 6.819p
=.006] Figure 3 shows that ratisgvere the higest in the second trial for the baseline
condition but were the higst in the third trial for the enhanced conditidime difference
between thetwo raers primaily appears to dfect this pdtern. Trial was dso asignificant man
effect for rating on usingproper phraseolggas shown in igure 4. Ratings were slidntly higher
in thethird trid as compaed to thefirst two trids.

3.2 Controller Workload

Each participant subjectivehlated workload usinlASA-TLX, ATWIT, and a post-scenario 10-
point scale.The SMEs also subjectiveipated controller workload usifdASA-TLX and a post-
scenario 10-point scaldResults of the ANOVA for condition, trial, and the conditionthgl
interacion effecton he workbad neasures areiTabk 4.
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Table 4. F Statistics Obtained from the Two-w&®NOVA Performed on the Wrkload

Measures
Measue Main Effect: Candition Main Effect: Trial Interaction Effect
Participant Ratings
How hard | was working F(1,9)=0.52 F(2,18)=1.17 F(2,18)=0.21
NASA-TLX Overall Reting F(1,9)=0.33 F(2,18)=1.30 F(2,18)=0.34
NASA-TLX Mental Load F (1, 9) = 23.10* F(2,18)=1.90 F(2,18)=0.19
NASA-TLX Physical Load F(1,9)=2.10 F (2,18) = 3.43 F(2,18)=1.17
NASA-TLX Temporal F(1,9)=0.64 F (2, 18) = 0.69 F(2,18)=0.61
NASA-TLX Performance F(1,9)=0.01 F (2, 18) = 0.09 F(2,18)=0.19
NASA-TLX Effort F(1,9) =0.74 F(2,18)=0.68 F(2,18)=0.13
NASA-TLX Frustration F(1,9)=0.72 F (2, 18)=0.96 F (2, 18)=2.00
MeanATWIT Rating F(1,9)=0.17 F(2,18)=1.83 F(2,18)=2.11
Observer Ratings

How hard cortroller wasworking F (1, 9) = 0.75 F(2,18)=1.05 F(2,18)=2.06
NASA-TLX Mental Load F(1,9)=0.16 F (2,18)=0.01 F(2,18)=0.51
NASA-TLX Physical Load F(1,9)=0.90 F (2, 18) = 0.50 F (2, 18) = 3.97*
NASA-TLX Temporal F(1,9)=0.71 F(2,18)=0.16 F (2, 18)=0.66
NASA-TLX Performance F(@,9) =177 F (2,18)=0.58 F(2,18)=11.37*
NASA-TLX Effort F (1,9) =0.00 F (2,18)=0.10 F (2,18)=0.96
NASA-TLX Frustration F(1,9) =0.80 F(2,18)=1.42 F(2,18)=3.43

* indicates a statisticallseliable efect at a sigificarce lewel of p < .05
** indicates a statisticallseliable efect at a sigificarce lewel of p < .01
_______________________________________________________________________________________________________________________________________________________________________}

3.2.1 Controller S¥f-Ratings of Workload

Analysis of the ATWIT mean and peak ratisg@nd the time to respond to the ATWbne
revealed no sigificant main effects or interaction effedtigure 5 depicts argph of the mean
ATWIT ratings across the 5-minute intervals in the trial for each of the diguglaglitions.
Whereas there were some variations in ATWatings, with lower rating at the bemningand
end of the trial, overall differences between the conditions were mificagpt. End-of-the-trial
controller rating of how hard theyere workingand the difficultyof the trial were not
significantly different beween conditions, trids, or thetrial-by-condition inteaction.
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FHgure 5. Mean ATWT ratings across trial.

Theoveal NASA-TLX rating was dso not sigificantly different in man effects or the
interaction. However, closer angdis revealed a sigficant display condition effect in the mental
workload componentMental workload was rated as he&y under the enhanced display
condition (mean = 4.9) than in the baseline condition (mean = 4.2).

3.2.2 Subject Matter Expert Ratiof Controller Workload

Analyss of SME rating of controller workload on the 10-point scale and on the NASA-TLX
scales revealed no sifjcant differences between conditions or trial but aificant trial by
condition interaction for the physical load and performance subsdatesxamination of the
datareveakd hatthese diferences pmarily refleced te difference betreen he wo raers.

3.3 Controlle Situgion Awareness

Controller &\ was measured objectively usiS8§GAT and the on-line & probes and
subjectively usingsART and the BIE ratings. Table 5 shows the results of the ANOVAs for the
SA measures.
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Table 5. F Statistics Obtained from the Two-w#&®NOVA Performed on the Buation
Awareness Measures

Measue Main Effect: Caondition Main Effect: Trial Interaction Effect

SAGAT
Aircratt in Sector location F(1,9)=0.01 F(2,18)=1.15 F (2,18)=0.24
All Aircraft Location F(1,9) =0.05 F (2, 18) = 0.69 F (2, 18) = 0.09
Aircratft Level of Control F(,9)=1.08 F(2,18)=1.13 F (2, 18)=0.50
Callsign —Alphabetic Portion F(1,9)=0.39 F(2,18)=0.22 F (2,18)=0.30
Callsign —Numeric Portion F(1,9)=0.00 F(2,18)=1.47 F (2, 18)=0.80
Altitude F(1,9)=0.04 F (2,18)=0.83 F (2, 18) = 4.20*
Speed F(,9)=155 F(2,18)=1.69 F (2, 18)=0.02
Headirg F(,9)=0.51 F (2,18)=0.36 F (2, 18)=0.06
Vertical Charge F(1,9)=4.09 F (2,18)=0.39 F (2, 18)=0.06
Turning F@,9 =114 F(2,18)=1.91 F (2,18)=0.20
Aircraft Type F(1,9)=0.50 F (2,18)=0.57 F (2,18)=0.37
Next Sector F(1,9)=1.19 F (2,18)=0.57 F(2,18)=1.17
Aircraft Separation F (1, 9) =0.07 F(2,18)=1.12 F(2,18)=0.43
Advisory Reception F(@1,9) =421 F (2,18)=0.92 F(2,18)=0.16
Advisory Conformance F (1, 9) = 6.96* F(2,18)=0.34 F (2, 18)=0.08
Aircraft Hardoffs F (1,9) =0.00 F (2,18)=2.80 F (2,18)=0.47
Aircratt in Communication F(1,9) =0.58 F(2,18)=0.22 F(2,18)=0.50
Special Arspace Separation F(1,9) =143 F(2,18)=0.03 F(2,18)=0.82
Weatter Impact F(1,9)=0.39 F (2,18)=0.46 F(2,18)=1.98

On-line SA Probes
Vertical Change Probe RT F(1,9)=0.56 F (2,18)=0.40 F (2, 18) =0.03
Altitude Probe RT F(1,9) =266 F(2,18)=0.73 F(2,18)=0.72
Headirg Probe RT F(,9) =220 F (2,18)=0.20 F (2,18)=2.04
Turning Probe RT' F(1,9)=0.13 F(2,18)=1.82 F (2,18)=1.06
Hard-off Probe RT F(1,9)=0.16 F (2,18)=0.98 F(2,18)=0.15
Next Sector Pobe RT F(1,9)=0.88 F(2,18)=0.15 F(2,18)=0.72
SeparatiorProbe RT F(1,9)=0.72 F (2, 18)=0.27 F (2, 18) =0.69
Weatter Probe RT F(1,9) =133 F (2,18)=0.20 F(2,18)=0.43

SART
Overall SART Rating F(1,9) =157 F (2, 18)=2.00 F(2,18)=5.67*
Demand Rating F(1,9)=0.16 F(2,18)=0.32 F(2,18)=2.77
Suwply Rating F(,9)=0.91 F(2,18)=1.64 F (2, 18)=0.66
Undergarding Rating F (1,9 =150 F(2,18)=2.10 F (2,18)=2.55

* indicates a statisticallseliable efect at a sigificarce level of p < .05
** jndicates a statisticallgeliable efect at a sigificarce level of p < .01

3.3.1 Situation Awareness Global Assessment Technique

The participant perception of the traffic situation as reported onAEAS queries were

compared to the actual state of the traffic situation at the time of eacé. fildezresearchers

scored their answers as correct or incorrect and used an arcsine transformation to correct for non-
normality of binomial data.The ANOVAs revealed no sigficant main effects of trial or

condition on anyf the Level 1 SA queries nor on a combined measure composed oftbelL

SA queries.A significant trial bycondition interaction was present, however, for controller

16



knowledge of aircraft altitude (i§ure 6). The interaction reflects that in the baseline condition,
the controller scores were higr in the second trial but, in the enhanced condition, it was lower
in the second trial.
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Figure 6. Condition bytrial interaction on knowledgof aircraft altitude

Of the Level 2 SA queries, the researchers found aifsogint difference between conditions in
the participant knowledgof aircraft conformance to advisoriess shown in kgure 7,
controllers were over three times more likiybe correct in understandimdnether aircraft were
conformingto their advisories with the enhanced displahe researchers found no other
differences between conditions or trials on tleedl 2/3 A SAGAT queries or on a combined
measure composed of thevel 2/3 queries.

3.3.2 On-line Situation Awareness Probes

Accuracyon the on-line SA probes was vdmgh (95% overall), as would be pacted. The
accuracywas notsignificanty effeced byqueston [F(7, 63) = 1.754p = .113]or condition
[F(1, 9) =.201p = .662] The researchers anabd the RT to the correct ONME probes to
determine whether scores were effecteddnydition F(1, 455) = 2.807p = .095] probe type
[F(7, 455) = 10.422, p < .0019r the condition-byprobe type interactionff(7, 455) = 1.237p =
.281] Figure 8 shows that SA probepty significantly effected probe RTThe SA probe
regarding aircraft separation appeared to take thedshgn averagto answer, and the probe
concerninghe vertical profile of the aircraft (climbingescendingor level) took the least
amount of time.
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Becausehie SA probe ype was a gnificantfactor, the researchers agakd RT to each probe
type separatelto examine effects due to condition, trial, and the conditiostriay interaction.
These results, shown in Table 5, revealed naifsggnt main effects or interaction effect§here
were also no sigficant main effects or interaction effect for thevkel 1 SA probes combined
(present situation) or for theskeel 2/3 SA probes combined (future situation).

3.3.3 Situational Awareness Ratificechnique

The subjeetive ratings of thepaticipants on thelO SART seles combinal to form arating for
supplyof resources, demand for resources, and understantiragresearchers calculated an
overall SART ratingrom the mean ratingf understandingplus the supplpf resources, minus
the demand for resourceblo significant main effects of trial or condition resulted for the
ANOVA of overall SART ratingor its three subscale&igure 9 shows a sigficant trial by
condition interaction occurred for the overall SART ratidgn examination of the data showed
tha themean SART rding was hicher on thefirst trial with the enhanced displa. However, this
effect diminishe in subsquent trids.

Baseline

Enhanced

90 - _i
o o . OTral 1
T = e
Mean _SART 50 - &\\\ &\\\
Rating 4o &\\\ &\\\
20 N\ N\
20 N\ N\
o N\ N\
; L\ 1N

Condition

Figure 9. Mean SART ratindy condition and trial.

3.3.4 Subject Matter Epert Ratingof Situation Awareness and Attention

The SMEs rated four factors related to controller SA and attention incladiogerall rating
None of these factors was sificantly different across conditions based on the ANOVAs.
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3.4 Controller Subjective Evaluations

Controllers provided a subjective evaluation of the conditiopsmenced duringhe study
following ther paticipation (Fgure 10). Overal, they rated theredlism of thesenarios & only
4.6 on a 10-point scale, reflectittgeir perceptions of the artificial nature of the self-separation
concept. Theyrated trainingand the responsiveness of the simulation pilotsdrighowever.

The enhanced displagceived a mean ratirgf 5.67 on a 10-point scale, showiagnoderate
level of utility.

5.67

Mean 6 T
Rding 5 -

‘1.
L N N N
Simuldion Pilot Training Enhanced
Redlism Responsiveness Adequacy  Display Benefit

Figure 10. Mean ratingof simulation characteristics.

3.5 Comparison of Situation Awareness Measures

A secondarybjective of this research was to assess the uiilitige different measures of SA
that were included in the studioth the AGAT measure and theART measure previously
have receied congilerabk work regrding validity. The researchersdalnotvalidake the on-Ine
SA probes for 8 measurerant The researchers card outseveralnal/ses n order b examne
thevadidity and compaability of these measures of SA.

3.5.1 Comparison of the On-lineASProbe with the 8GAT and Workload Measures

One guestion regding the on-line SA probes concerns therégego which thewctually

measure the participant SA, an internal representation of tleengrgituation. As an alternative
hypothesis, theynayactuallymeasure workload, much as a secongarkload technique does.

A secondaryvorkload measure uses the time to respond to some stimulus as an indication of
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spare mental capacityrhe on-line SA probe RT measureaexined in this studynayprovide an
indication of spare capacityorkload), or it mayrovide an indication of the desge to which
needed informdion is actively present in workingmemory (an index of SA).

To examne hese $sues,he researchers perfoeth a stpwise regesson on & probe R
Independent variables were th& Bevel of the probe, mean accuramy the corresponding
SAGAT queryduringthe trial, the ATWT ratingtaken within the same 1-minute interval, and
the RT for that ATWT rating The regession model produced included Sével and ATWT

RT and was staisticaly significant[ F(2, 477) = 3.48p = .032] althoudn the multiple correlation
was low | = .014). Neither mean accura@n the correspondinBAGAT querynor the

ATWIT ratingwere sigificantly related to SA probe RTSA Probe RT was most related to the
SA Level of the probeR? = .009, followed byATWIT RT, R? = .006, althouly these correlations
are verylow.

3.5.2 Prdlictive Validity of Situdion Awareness and Workloal Measures

In previous research, Durso et al. (1998 reied the use of an on-line SA probe in an ATC
simulation. Theyseparated RT to probes about the present situation (corresptmdimglevel

1 SA probes) and RT to probes about the future situation (correspdading Level 2/3 SA

probes) into two combined measurdheyfound that these measures were somewhat predictive
of performance in their ATC simulatio.o duplicate this approach, the researchers formed two
combined scores for the SA probe&amilarly, the researchers developed combined SAGAT
accuracyscores that separated queries about the present situation and the future sithation.

SA measuresricluded n the anaysis were

a. SA Probe RT,
1. SA Level 1 Probe RT, and
2. SA Level 2/3 Probe RT.

b. SAGAT Queries,

SAGAT Level 1-queryaccuracyfor aircraft presentlynder control),
SAGAT Level 1-queryaccuracy(for aircraft to be under control in near future), and
SAGAT Level 2 & 3 queryaccuracy

c. SART, and
supply
demand,
understandingand
overall SART.

d. SME SArating.
The workbad neasuresricluded n the anajsis were

a. Paticipant raings, and
1. NASA-TLX rating, and
2. ATWIT.
a) Mean ATWT rating,
b) Peak ATWT ratng, and
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c) ATWIT RT.
b. SME rdings.

SME workloal raing, and
SME NASA-TLX rating.

As indices of perforrance, he researchers seled he SVIEs overdlrating of performrance and
the mean of all their subjective ratgag/NVhereas the Durso et al. (1998) stedgmined the
number of remainingctions at the end of the scenario (as an indication of how well the
controller was keepingp with the job) as a measure of performance, no such measure was
avalable in the presenstudy. Instad, he researchers selied the nunier of fights conpleted
(which was sensitiveto thedisplay manipulaion), thenumbe of conflicts in thetrial, and
duration of conflicts asaperal measures of performance.

The researchers submitted the SA and workload variables to stepwessiegs for each of

these five dependant variabldsor each resultant model, we submitted the variables included to
independent regssions to verifgheir unique contribution to the modélhe researchers will

only discuss reasureshtatshowed a gnificantindependentontibuton © each mdel A
summaryof these finding is in Table 6.

Table 6. Summay of Regression Modés for Pralictability of Peformance from SA Measures

Model F-Value Significance Adjusted R?
SME Owerall Rerformance Rating

SME SARating F(1,52) = 152.00 p<.001 R =.727
SME MeanPerformance Rating

SME SARating F(1,58) = 287.45 p<.001 R’ = .832
SART- Understandng F(1,57) = 7.93 p =. 007 RP=.122
Overall nodel F(2,56) = 147.26 p<.001 R? = .840
Number d Flights Canpleted

(none)

Number d Conflicts

SA Level 2/3 Probe R F(1,57) = 6.14 p=.016 R? = .097
SME SARating F(1,57) = 5.49 p=.023 R*=.088
Overall nodel F(2,56) = 5.20 p=.008 R’ = .157
Duration of Conflicts

SA Level 2/3 Probe R F(1,57) =5.23 =.026 R? = .084
SART — Dermend F(1,56) = 4.26 p=.044 R*=.071
SME SARating F(1,57) =5.23 p=.023 R? = .084
Overall nodel F(3,54) = 6.41 p=.001 R = .263
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Only onevariable, the SME rding of SA, siquificantly relates to theSME raing of oveall
performance, accountirfgr 72.7% of the varianceSimilarly, SME rating of SA hichly

correlate with the mean SME ratinfperformance, accountirigr 83.2% of the variance in this
measure.The understandingomponent of ART, another subjective measure, accounted for
12.2% of the variance in the mean SME performance satafinoudn the overall model only
accounted for 84% of the varianc€his indicated some correlation between these two measures.
The SME subijective ratisgpf performance higly correlate with their own subjective ratsof

SA and, to a lesser de, the participant subjective ratewf SA. All relationships are in the
expected direction with thepaformance ratings positivdy corrdated with theSA raings.

The objective measures of performance show a considetiffieisent picture.None of the SA or
workload measures significantly corrdate with thenumbe of flights @mpleed duringthetrial.

The RT for the kvel 2/3 SA probes accounts for 9.7% of the variance in the number of conflicts
experienced duringhe trial. SME SA rating account for 8.8% of the variance, with 15.7% of

the variance accounted for overalilhereas higer SME SA ratingwere associated with fewer
conflicts, as egected, slower RT to theesleel 2/3 SA probes was associated with fewer conflicts.
This was not in the grected directionControllers eperiencingmore conflicts answered the SA
probes more quicklyand controllers eperiencingfewer conflicts answered the probes more
slowly.

The duration of conflicts similarlgelates to evel 2/3 SA probe RT with 8.4% of the variance
and SME SA ratingalso with 8.4% of the varianc&imilarly, higher SME SA ratingrelate to
shorter duration of conflictsHowever, slower RT todvel 2 SA probes was associated with
fewer conflicts. Additionally, the SART demand ratireccounted for 7.1% of the variance, with
higher demand ratiregassociated with loreg duration conflicts.This led to a model that
accounted for 26.3% of the overall variance in conflict duration.

This analgis did not show that the combineAGAT measures sigficantly predict
performance.Because the researchers found the scores providie loydividual GAT
queiesto berdatively independent, this gpaent lack of sensitivity may betha the combinel
scores provide an inappropriate asayf SAGAT data (Endsleyl995b)*

We, therefore, conducted a second asialgf the SAGAT dataThe researchers submitted the
mean score for each trial for eacA@GAT queryto a stepwise regssion procedure for each of
the performance measures used in the st&dgsults show thatSAT accounts for some of the
variance in the objective performance variables (Tabld g relationship to subjective
performance raings was veryweak, howeverln examning the obgcive measures of
performance, the researchers predicted the number of confliatsdiypbination of knowledgof
vertical change (climbing, descending or level), aircraft type, level of control (in setor control,
handed-off, or comingto sector), and aircraft separation and advisecgption (28.7% of the
variance). Similarly, we predicted the duration of conflicts kiyowledg of vertical chang

1
SAGAT queries are usually scored and analyzed individually. SA may vary considerably from item to item and may reflect changesin SA due
to operata attention and diglay manipulations
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Table 7. Summaryof Regession Models for Predictabiligf Performance from SAGAT

Mode

SME Ovwerall Rerformance Rating
Aircraft with Advisories
SME MeanPerformance Rating

Number d Conflicts
Vertical Charge
Type
Level of Control
Aircraft Separation
AdvisoryReception

Duration of Conflicts
Vertical Charge
Level of Control
Aircraft Separation
Aircraft with Advisories

Number of Flights Handled

Duration dof Flights Handled
Locationof Sector Arcraft
Speed
Special Arspace Separation

Distarce Flown
Locationof Sector Arcratt
AdvisoryReception
Special Arspace Separation

Number d CompletedFlight

Cumulative Average Aircraft Dersity

Altitude
Aircraft Separation
Aircraft in Communicatin
Number of Headirg Charges
Callsign Nunber
Altitude
Vertical Charge
Number d Altitude Changes
Callsign Nunber
Advisory Conformance
Weatler Impact
Number of Transnissions
Next Sector
AdvisoryReception
Special Arspace Separation
Duration of Transnissions
Locationof Sector Arcratt
Location of All Aircraft
AdvisoryReception
Special Arspace Separation

F-Value
F(1,57)=4.79

F(5,51) = 4.10

F(4,55) = 3.03

F(3,52) = 5.29

F(3,49) = 5.22

F(3,55) = 5.11

F(5,51) = 2.64

F(3,53) = 4.12

F(3,49) = 4.025

F(4,48) = 6.187

Significance
p=.033

not significant
p=.003
p=.025

not significant
p=.003
p=.003

not significant

p=.003
p=.035
p=.011
p=.012
p <.001

Adjusted R?
R2=.078 |
R? = .287
R?=.180
R’ =.234
R =.242
R’ =.218
R’ =. 204
R =.189
R*=.198
R?=.340

24



level of control, aircraft separation, and aircraft with advisories outsta(iti#9g of the
variance). For conflicts, keepingip with aircraft vertical maneuvers, separation with other
aircraft, and status with regl to advisories appeared to be the most important.

SAGAT did not predict the number of completed litig and the number of figs handled.
Knowledge of aircraft location, speed, and special airspace separation predicted the duration of
the flights handled (23.4% of the varianc&nowledge of aircraft location, advisomgception,

and special airspace separation predicted distance flown in the sector (24.2% of the variance).
Knowledge of speal airspace sepaiain and aicraftlocaton appearsotbe mportant for these

two efficiencyvariables, whereas knowleglgf speed was more closeglated to how much

time thearcraft spent in thesector.

The researchers predicted the number of heathag@s byknowledg of callsign, altitude, and
vertical chang (20.9% of the variance)The researchers predicted the number of altitude
changs byknowledg of callsigh number, advisorgonformance, and weather impact (18.9% of
the variance).It would appear that decisions about whether to make a hedting maybe
closelyrelated to knowledgregrding aircraft altitude and vertical maneuveringecisions to
make dtitude changes, howeer, moreclosdy link to theneed for changes dueto indement
weather problems and whether aircraft are conforroraglvisories.lt is also possible that
controllers pag moreattention to alvisory conformance when they give an dtitude change. They
genadly attend to @llsign in rdation to issuingsud changes.

Theypredicted the number of transmissionkhgwledg of the aircraft nebsector, advisory
reception, and special airspace separation (19.8% of the varidinsg)predicted the duration

of transmissions blpcation of sector aircraft, location of all aircraft (includihgse handed-off

or not \et in sector), advisoryeception, and special airspace separation (34% of the variance).
Again, knowledg of special airspace separatiomsigantly related to the efficiencgneasures.
Attendingto an aircraft present location and hegctor also related to the need to communicate
with the aircraft and other sectors.

3.5.3 Inter-Correlation of Situation Awareness Measures

Finaly, the researchersamie an angfsis of the degee b which the SA measures exmned n
this studyrelate with each otheiThe researchers submitted the SA measures to a Pearson’s
correlation matrix Tables 8 and 9 depict those correlations reachir@p level of sigificance.

Table 8. Inter-Correlation of SART Measures

Suwply Demard Understanling
SART .539 -.523 751
Supply 310 562
Denend
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Table 9. Inter-Correlation of Other SA Measures

SAGAT Level 1 (future) SAGAT Level 2/3 SME SA rating
SART .306 —-
Understandng -.326 .295
Supply .258 -.292 -—--
SA Level 1 Probe  -.267
RT

The SART overall score correlated hig with its three subcomponents, which also correlated
with each other.Surprisindy, the researchers found a weak positive correlation between supply
and demand, indicatindpat even when participants believed the demands wererhitpeyalso
believed their own supplef resources was Higr. While understandingnd supplycorrelated
positively, the researchers found norsigcant correlation between understandargl demand.

The researchers found ontyoderate correlations between the other SA meastifesLevel 1
SAGAT queryscore pertainingp future aircraft correlated moderatehth the ART overall
rating the supplysubcomponent, and the S&vel 1 probe RT.When participant knowledgof
the status of incomingircraft was higer, theytended to rate the suppdy resources as Her,
and the overall SART score was Ihgy. Theyalso responded faster to the Sévél 1 probes.
These radtionshps arem the expectd drecton.

Scores on the &vel 2/3 AGAT queries pertainingp comprehension and projection of the
aircraft correlate naively with SART rating of both understandingnd supply When
participants show better knowleslgh terms of comprehension and projection, tieeyl to
subjectivelyrate understandings lower and supplyf resources as lower on the SART battery
The negtive relationship between the SART understandatmngand the SAGAT
comprehension/projection score was ngiexted. Finally, the SART understandirmgting
positivdy corrdated with theSME SA rding.

3.5.4 Subjective Evaluation of the Measures

In the post-eperiment questionnaire, the participants subjectiegbluated the three measures
that were interjected durirtge trial, :AGAT, the on-line & probe, and ATWTI for their
subgcive degee of nterference. The on-Ine SA probe and ATWT receved low mean raings
(Figure 11). SAGAT, which required freezs in the simulation, received a h&y overall rating
of 5.2, showinga moderate level of subjective interference.
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Figure 11. Mean ratingof measure interference.

4. Discussion

The followingsubsections discuss the effectiveness of the enhanced desplastence with the
sdf-separation conoept employed in thestudy and theutility and vdidity of the SA measures
examined.

4.1 Enhanced Display

The introduction of the enhanced disptagvided some help for controllers in dealimigh air
traffic that are operatingnder self-separatiorControllers completed more fligs with the
enhanced displagnd showed a trend at beimgre able to correct their own errors.

The majorityof the workload measures did not reflect these improvements , howidhefact
that the mental workload component waslglighigher in the enhanced displagndition was
most likelyreflective of the etxa workload needed to monitor a second separate display
Controllers commented that placitige displaywindow in a convenient spot without blocking
radar data was a problem and havindpcate the correspondimigita block took exa effort.
Many of the controllers commented that theguld have found an integted displayo be more
desirable.

Controller situation awareness also showed improvenigm.exra information for
transitionaryaircraft showed a three-fold increase in knowgedgaircraft conformance to
advisories.Endsleyand Selcon (1997) previoudiyund a reduction in keepingp with aircraft
conformance under free flig conditions. The enhanced displappears to have been effective
in combaing this problen, most likey contributingto thetrend towads saings in ontroller
transmissions and reduction in headamgngs.

Overal, the researchers recomnd thatthe enhanced siplay receve further exloraion.
Efforts should be made to intege the information with the controller radar picture, however, in
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orde to reduce theworkload assocated with thedisplay and potentially improveits utility even
further.

4.2 Sdf-Separaiton Operabnal Concept

The self-separation operational concept emgadiay this studyvas veryunique and a different
experience for the controllers participatiimgthe study It represented a radical departure from
the current operationsAs such, the controllers viewed the simulations as unrealistic, althoug
theyrated trainingand pilot responsiveness as beiagsonablyood. In subjective comments,
theyfound such a concept hard to intagand were skeptical of it workimg air traffic
operations.

The studyemployed hyothetical on-board syems to simulate such an operational concipt.
real assessmaet of ather thedesirability or feasibility of thesdf-separation concept was possible

or intended with this studylnstead, it represented a worst case scenario in which controllers
would assume a passive role in monitoriragfic. The pilots could choose whether to follow the
controller recommendations on separatidhe controllers found this vefyustratingand
contraryto how theynormallycontrolled traffic. Theynormallywould employseparation tactics
far in advance, buwith this conceptthey were forcedd wath as aicraft cane together and
wonder if the aircraft would heed advisories to separgibeyfound this process involved more
work than if theyhad been able to correct the situation and move on.

Whether or not ATC operations ever evolve towards such an operational concept is open to much
debae. If it does, ontrollers and pilots will need additiond aids sub as theoneemployed in

this study It is recommended that the enhanced dis@agablymodified, eylored in this study

also be eamined within the contéof current operational concepthe additional information it
provides maye useful under these conditions as well.

4.3 Utility of Situdgion Awareness Mesures

A secondarybijective of this studwas to eamine the sensitivifyalidity, and utilityof the SA
measures.

4.3.1 Sensitivity of theMeasures

While SART and the on-line SA probe did not show aificant difference between conditions,
it is difficult to s whether this rdlected aproblem with sensitivity or with thedisplay
manipulation in the studyA bigger question remains ragling the validityof the measures.

Are theyreally measuringSA or are theyeflectingsomethingelse? SAGAT and ART are the
most widelyused and validated measures of those included in the (&adwand &Endsley
1995). The on-line probe was a relativelgw measure of SA.

4.3.2 On-line Situdgion Awareness ProbdReaction Time

Endsley(1996) stated that interjectimgiestions duringhe performance of a task to measure SA
was potentiallyintrusive. It added an additional task and potentialyangd SA itself by
redirectingattention to the information requestadle found no evidence to support the concern
of intrusiveness in this study The controllers subjetively rated its intrusiveess & low and
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reported that thegften responded to such questions from other controlleis.not possible to
assess whether the measure actuatlyto changs in SA based on this studyo examine this
possibility, theresearchers recommend furthe studies to compae paformance with sud SA
probes to performance in trials where the probes were not present.

Further examination of the on-line SA probe measure revealed concerns that are more
fundamental. When the researchers compared the time to respond to each on-line SA probe to
mean accuracgn the SGAT queryfor the same information in that trial, the researchers found
no relationship.A low but significant correlation eists between SA probe RT and RT to the
ATWIT tone that occurred within 1 minute of the probe, indicatingeak relationship with
workload. It may be hatthese fndings reflecied he emporaldistance betteen whenhe A

probes occurred and when th&@GAT and ATWT ratings occurred. That is, & can be

dynamic in nature, and a one-to-one comparison of these measures taken at different points in
time maynot provide a fair comparisoi.his possibilityneeds further gtoration with more

closdy timed SA axd workloa measures.

Theinterpretation of themeasurewas dso a issue In examining therelation beween thelLevel

2 & 3 SA probe RT measure and the number and duration of conflicts, the researchers observed a
relationship in the opposite direction of thapegted. The researchers cannotpéain why

slower responses to the comprehension and projection questions related to better perfétmance.

is possible that controllers felt more rushed when thene havingoroblems and, therefore,

responded more quickip these situationslf this is the case, however, it leaves interpretation of

the on-line SA probe measure open to question.

A direct comparison was not possibldowever, it should be noted that Durso et al. (1998) also
found onlythe future-oriented SA probe reaction times to be related to the objective performance
measure in their studylhat relationship was opposite from the present stoolever, and

accounted for 13% of the varianc®ne possible difference is the self-separation operational
conacept tha may have limited thedegree to which SA ®uld hare an impact on peformance.

The researchers recomnd thatthe on-Ine SA probe R measure recee further esting within

the contekof the current operational concept.

4.3.3 Subjective Situation Awareness Measures

In conflict with the Durso et al. (1998) stydlge researchers did not find arsfgcant
relationship between theskel 1 SA probe RT and the SME performance ratirigstead, the
SME SA ratingwas hidnly correlated with the SME performance ragngndsley(1996)
criticized thelack of indgpendence of subjetive ratings of SA and subjetive ratings of
performance. Two of the perfornance neasures exmned aso weaky correbted with SME SA
ratings, however, indicatingheyprobablyconsidered such information in their rasng

The SART measure performed reasonatyl in the studyalthoudy the overall SART rating
was not sensitive to the displayanipulation. The measure possessed a fairde®f internal
consistencywith the components inter-correlated with each otfiéde understanding
component also correlated weakhith the SME performance ratingnd the demand component
was weakly corrdated with thedurdion of conflicts.

29



The overall SART ratingnd the supplgomponent correlated somewhat with tiegel 1
SAGAT probes for future aircraffThis conflicted with a studpy Endsley Selcon, Hardiman,
and Croft (1998) that found no relationship between SAGAT and SART in an aircraff tessk.
fact that the SART understandiagd supply}component were weakborrelated with the
SAGAT comprehension and projection queries was somewhat perglekhe researchers do
not know exctly what aspects ofASpeople take into account when maksubjective rating
and this needs further pboration.

4.3.4 Situation Awareness Global Assessment Technique

The combined AGAT measures did not relate to amiythe performance measuressxned

here. This reflected the rather weak nature of the combined SAGAT scboitls. evidence

exists supportinguch a combination of queriefl'he researchers made this calculation in order
to provide direct comparison to the Durso et. al sjutiyhen the individual SGAT queries

were used to predict performance néiigant relationships resulted for most of the objective
performance neasuresncluded n the st These faairs rebted in logical ways to each
performance measurdhis analgis would appear to support some predictive validftthe
SAGAT technique.

SAGAT scores were sensitive to the disptagnipulation in this studgnd in previous studies
(Endsley& Rodgers, 1996; Endsle§ Selcon, 1997)In particular, theyrovided a clear
indication of in what wayhe enhanced displayas supportive of SA, providingpod
diagnostiaty.

Controllers indicated that SAGAT was moderaialyusive. The on-line SA probes timing
occurred so thathe questions wee not presented until &ter the controller had finished the
present verbal communicatiofhe SAGAT freees, however, were implemented at the
desigrated times, redless of what was happeninmgthe simulation.It maybe desirable to
deconflict more carefullthe SAGAT freees with controller actions so that thegcur at times
that are more desirabl&Vhereas previous studies have found no indication that the SAGAT
freezs do in fact interfere with performance (EndslE305a, b), these studies were done in
aircraft simulations and probaldjould be repeated within the coritek ATC simulations.The
researchers recommendpéoring the fact that the controllers gressed some concern about the
artificiality of thefreezesin orde to wagh thecosts of insding sud freezes against thebendfit

of the data provided b§AGAT.

4.3.5 Overal

This studyrepresented the opportuntty examine the utilityof various SA measureg.he
researchers did not specificatlgsia it to validate anyf these measures, however, and several
factors limit these comparisonsirst, the researchers do not know to whateeghe self-
separation concept mémave interfered with the relationship between the SA measures and the
performance neasures exmined. The researchers recomnd examning the neasures ore
carefully within thecontext of anormd opeationd concept.

Secondly it is possible that the measures interfered with each othertbg of occurringn the

sanetrials. Tha is, it is possibleha directing atention towads ertain informaion with the
on-line probes could alterAS affectingthe SAGAT measure.No evidence of this was present,
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however, as represented e poor correlation between these measugesondly it was
possible for the ATWI tones, bynature of their close temporal sequence to the on-line SA
probes, to have affected performance on the prélpeanalysis of whether the on-line SA probe
occurred immediately before or dter the ATWIT tonewas not significant, however, dlaying this
concern.Of a more gneral nature, the participants completed mameasures both durirapd
following each trial. This mayhave been annoyg. The researchers recommend keepirey
numbe of measures to someminimum duringtestingto avoid fatiguing or denotivaing the
participants.

5. Conclusion

The enhanced displashowed some promise for improviB@ in advanced air traffic operations.
Future research should moditye displayto integate the information with the esting radar
displays and should test it under other operational conditidrss studyexpanded the
knowledg base on methods for measurB®y by providinga direct comparison of several SA
and workbad nmeasures.The researchers recomend further valdaton of he neasures

examined for usein ATC simuldions.

Advanced aitraffic operaitonal conceps such as sékeparaton are nterestng ideas wih the
potenia of dramaticaly changng the NAS The degee b which the sygtemcan accommodae
such concepts without compromisiagcraft safetyhowever, depends on establishing
appropriate support within the ATCstgm. This studycontributed to that effort bgroviding
objective data on the effects of an enhanced digpiagontroller abilityto maintain an accurate
and complete picture of the traffic situatiofhis is required in order to provide needed
monitoringand separation support functiortSoncepts such as self-separation magnaynot
happen, but the results of this studgyalso be gneralizable to other areaslhe enhanced
displaymayalso be helpful for promotin§A and facilitatingperformance under other
operational rules.
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AppendixA
Subject Matter Egert Subjective Ratingrorm
Air Traffic Control Evaluation for Self-Separation Operational Concepts

Instructions for questions 1-21

This form was desiged to be used hnstructor certified air traffic control specialist to evaluate
the effectiveness of ontrollers workingin simuldion environments. Obsevers will rate the
effectiveness of controllers in several different performance areasthsisgale show below.
When naking your ratngs, pleaserty to use he entre sca ran@ as nuch as posbie. You are
encourgyed to writedown obsevations and you ma make prdiminary ratings duringthe course

of thesenaio. However, theresearche's recommend thd you wat until the senario is finished
before makingyour final rating. The observationsoy make do not need to be restricted to the
performance areas covered in this form ands imeyde other areas thaby think are

important. Also, please write down argpmments that maynprove this evaluation formYour
identity will remain anongnous, so do not writeoyir name on the form.

Rating | Label Descrigion

1 Cortroller denonstrated exrenely poor judgment in making intervertion decsions ard very frequently
made errors

2 Cortroller denonstrated poorydgment in making some intervertion decisons ard occa®nally made
errors

3 Cortroller make quegionable decsions using poor ntervertion techiqueswhich led to redricting the

normal traffic flow

4 Controller demonstratedhe alility to keepaircrat se@ratedbut usedspacing andsearation criteria
which was excessive

5 Controller demonstratedacequate pdgment in meking interventian decisins

6 Cortroller denonstrated good judgment in making intervertion decsions using efficiert cortrol
techiques

7 Controller frequently demonstratedexcellent jdgment in meking interventio decisians using extremly

good cottrol tecmiques

8 Controller always demonstratedexcellent jidgment in meking even the mst dfficult interventio
decisions while using aitstanding control techniques
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Maintaining Sde and Efficient Trafic How

Maintaining Separation and Resolving Potential Conflicts
- usinginterventions tha maintain s&e arcraft separation
- detecting and resolving impending conflicts exrly
Comments:

Using Separation Interventions Effectively

- providing accuate navigaional assstance b pilots

- avoiding interventions tha result in theneed for additiond instrudions to hadle aircraft
completely

- avoiding excessiwe interventions or ower-controlling

Comments:

Overall Safe and Efficient Traffic Flow Scale Rating

Comments:

Maintaining Attention and Situdion Awareness

4.

Maintaining Awareness ofAircraft Positions

- avoiding fixation on onearea of theradar scopewhen othe areas need atention
- using scanning paterns tha monitor dl aircraft on theradar scope

Comments:

Identifying Traffic Confict Problemsin aTimely Manne
- keepng wp with traffic trajeciories

- projecting separation problemsin atimely manne

- avoiding excessiwe interventions or oer-controlling
Comments:

Correcting Own Errors in a Timely Manner

Comments:

Overall Attention and Situation Awareness Scale Raing

Comments:




Prioritizing

8. Taking Actionsin an Appropriate Order of Importance
- resolving situaions tha need immediate atention bdore handling low priority tasks
- issuinginterventions in aprioritized, strucured, and timely manne
Comments:

9. Hardling Tasks for Seweral Aircratt
- shifting tasks beween arcraft
- avoiding ddays in communications while thinking or planningactions
Comments:

10. Keeping Datablocks Up-to-dae
- updaing daablodcks accuately while talking or performing other tasks
- keeping daablocks updded in atimely manne
Comments:

11.Overdl Prioritizing Sale Raing

Comments:

ProvidingControl hformation

12. Roviding Essatial Air Traffic Control Inbrmation
- providing mandaory sevices and alvisories to pilots in atimely manne
- exchanging essential information
Comments:

13. Providing Additiond Air Traffic Control Inbrmation
- providing additiond services when workload is not afactor
- exchanging additiond information
Comments:

14. Overall Providing Control Information Scale Raing

Comments:




Techical Knowledce

15. Shoving Knowledge of LOAs and SCPs
- controlling traffic as depicted in current LOAs and SOR
- performing hand-off procedures correctly
Comments:

16.Showng Knowledge of Aircraft Cgpabilities and Limitations
- avoiding advisories tha are beyond arcraft paformance paameters
- recanizing the reedfor speedrestictions ard wake turbulence sepration
Comments:

17. Overall Technical Knowledge Scale Raing

Comments:

Communieting

18. Using Propea Phraseology
- usingwords and phiases specified in ATP 7110.65
- using ATP phraseology tha is gpropride for thesitudion
- avoiding the wse d excessie vebiage
Comments:

19. Communicaing Clearly ard Efficiertly
- speaking a the prope volume and rate for pilotsto undestand
- speaking fluently while scanning or peforming othe tasks
- communication ddivery is complete, correct and timely
- providing complete information in eachcommunication
Comments:

20.Listening for Pilot Readbacks and Requests
- correcting pilot readback errors
- processingpilot requests orrectly in atimely manne
Comments:

21. Overall Communicating Scale Raing

Comments:
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Instructions for questions 22-29

The followingquestions have as scale rawggirom 1 to 10.Where 1 represents “@emely
low”, “extremely infrequent, “strondy disagee”, et. and 10 represesithe oher exreme of he
spectum.

These questns aretlie same as he researchers have askied tontoller after the scenad. The
researchers would likeyou to gve us your impression of how thge questions will berated bythe

controller.

22. Pleasecircle thenunber bdow tha best describes how hard nothad 1 2 3 4 5 6 7 8 9 10 extremey
the controller was work ing duringthis senario. hard
Comments:

23. Pleasecircle thenunber tha best describes how wel the extremelypoor 1 2 3 4 5 6 7 8 9 10 extremey
controller managed traffi ¢ duringthis senario well
Comments:

NASA TLX

24. Please circle thenunbe tha best describes themental demand extremely 10 extremely
duringthis senario. low high

25. Please drcle thenunber tha best describes the physical extremely 10 extremely
demand duringthis senario. low high

26. Please drcle thenunmber tha best describes thetemporal extremely 10 extremely
demand duringthis senario. low high

27. Please aicle the rumber that best describes the overal extremely 10 extremely
performanceduringthis senario. low high

28. Please drcle thenunber tha best describes the effort during extremely 10 extremely
this senario. low high

29. Please circle thenunber tha best describes thelevel of extremely 10 extremely
fru stration duringthis senario. low high
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AppendixB
Situation Awareness Global Assessment Technique Queries

1. Enter the location of all aircraft (on the provided sector map)

aircraft in track control
other aircraft in sector
arcraft will be in track control in next 2 minutes

Enter aircraft callsig (for aircraft hignlighted of those entered in queky
Ente arcraft altitude (for arcraft highlighted of thoseentered in quey 1)
Enter aircraft goundspeed (for aircraft Higjghted of those entered in quety
Enter aircraft headin(for aircraft hidnlighted of those entered in quety

2 T o\

Enter aircrafs next sector (for aircraft higlighted of those entered in quelry
A B C D E

7. Enter aircrafts currentdirecion of changin each caimn (for arcraft highlighted of hose
entered in query)

Altitude change Turn
climbing right turn
descending left turn
level straight

8. Enter the aircraft fye (for aircraft higlighted of those entered in quety

9. Which pars of drcraft have lost or will loseseparation if they stay on ther current (intended)
courses?

10. Which aircraft have been issued advisories for situations which have not been resolved?
11. Did the aircraft receive its advisocprrectly? (for each of those entered in quédy)

12. Which aircraft are currentlgonformingto their advisories@for each of those entered in
queryll)

13. Which aircraft must be handed off to another sector/fauilityin the nex2 minutes?
14. Enter the aircraft which are not in communication with. y

15. Enter the aircraft that will violate special airspace separation standardssifayery their
current (intended) paths.

16. Which aircraft are weather currendlly impact on or will be an impact on in the ngx
minutes alongdheir current course?
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AppendixC
10-Dimensional Situational Awareness Ratirechnique (SART)

Pleaseanswe these questions with rgard to thetraffic situations preented in thesenario.

Instability of Situation
How dhangeable is thesituaion? Is thesituaion highly unstdle and likdy to change
suddenly(high), or is it verystable and straig forward (low)?

Low | | High

Complexity of Situation
How complicated is the situationi® it complexwith manyinterrelated components (higor is
it simpleand straghtforward (low)?

Low | | High

Variability of Situation
How many variables are changg in the stuaion? Are there aredrge nunber of facors
varying (high) or are there veriew variables changg (low)?

Low | | High

Arousal
How aroused areoy in the situation?Are you alert and readfpr activity (high) or do
you have a low dege of alertness (low)?

Low | | High

Concentration of Attention

How much are gu concentratingn the situation?Are you bringng all your thoudnts
to bear (higp) or is yur attention elsewhere (low)?

Low | | High
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Division of Attention

How much is pur attention divided in the situation®re you concentratingn manyaspects of
the situation (hig) or focussed on onlgne (low)?

Low | | High
Spare Mental Capacity
How much mental capacityo you have to spare in the situatio you have sufficient to

attend to manyariables (hig) or nothingto spare at all (low)?

Low | | High
Infor mation Quantity
How much information haveoy gained about the situation®lave yu received and understood

a geat deal of knowledg(high) or verylittle (low)?

Low | | High

Infor mation Quality

How good is the informationgu have gined about the situationfs the knowledg
communicated veryseful (hidn) or is it a new situation (low)?

Low | | High
Familiar ity with Situation

How familiar are you with thesituaion? Do you have agreat deal of rdevant experience (high)
or is it a new situation (low)?

Low | | High
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Rate ypur Workload

AppendixD
Air Traffic Workload hput Technique (ATWI)

10
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AppendixE

NASA-Task Load hdex(TLX)

Please anser these questns wth regard b the precedig scenaio.

Mental Demand

How much mental and perceptual activgyequired (e.g thinking deciding calculating
rememberinglooking searchingetc.)?Is the task easgr demandingsimple or complex
exacting or forgving?

Low | | High
Physical Dermand
How mud physical activity is required (eg., pushingturning controlling, activating. etc.)? Is
the task easgr demandingslow or brisk, slack or strenuous, restful or laborious?

Low | | High

Temporal Demand
How much time pressure dovy feel due to the rate or pace at which the tasks or task elements
occurredds the pace siw and &isurely or rapd and frantc?

Low | | High

Performance
How successfullo you tink you are mn acconplishing the goals of he task? How saisfied are
you with your perfornance n acconplishing these gals?

Good | | Poor

Effort
How hard dd you have @ work (mentlly and phgically) to acconplish this level of
performance?

Low | | High

Frustrdion
How insecure, discourad, irritated, stressed and anaedyersus securetaified, content,
relaxed and corplacentdo you feelin performng the sk?

Low | | High
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AppendixF

Post-Trial Participant Subjective Questionnaire

1. Plea® crcle the rumber bebw that bes desribeshow nothaad 1 2 3 4 5 6 7 8 9 10 extremely
hard you were work ing during this scenario hard
Comments:
2. Please circle th rumber that best describdsow well edtremely 1 2 3 45 6 7 8 910 extremely
you managedtraffi ¢ during this scenario poor well
Comments:
3. Please circle th rumber that best describdsow edremely 1 2 3 45 6 7 8 9 10 extremely
difficult this scenariavas. diffi cult diffi cult

Comments:

4. Do you have any other comments about your
experiences during the sinalation?
Comments:
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AppendixG
Post-Exyeriment Participant Subjective Questionnaire

1. Please circle th rumber that best describdsow
realistic the sinulations were
Comments:

edtremely 1 2 3 45 6 7 8 9 10 extremely
unrealistic realistic

2. Please circle th rumber that best describdsow well

exdrenelypoor 1 2 3 4 5 6 7 8 9 10 extrenely

the smulation-pilots responded to your advisoriesin well
terms d traffic movement or radio communication.
Comments:

3. Please circle th umber that best describes fifie notadequate 1 2 3 4 5 6 7 8 910

hands-on training for each scenaio was adequate. adequate
Comments:

4. Please circle th rumber that best describeotv much No 1 23 456 7 8 9 10 Extreme

the ATWIT device interferedwith your performance. affect on affect on
Peaformance performance
Comments:

5. Please circle th rumber that best describeotv much No 1 23 456 7 8 9 10 Extreme

the SAGAT freezesinterferedwith your performance. affect on affect on
Peformance performance
Comments:

6. Please circle th rumber that best describeotv much No 1 23 456 7 8 9 10 Extreme
the Queries during the simulation interferedwith affect on affect on
your performance. Peaformance performance

Comments:

7. Please circle th rumber that best describetv much No 1 23 45 6 7 8 9 10 Extreme

the Enhanced Display assised your performance. affect on affect on
Peformance performance

Comments:
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8.

Is there apthing abou the stuly that we should have

asled or that you would like to conment abou?
Comments:
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AppendixH
SME SAGAT Data Evaluation Form

Subject Condition Scenario Tial Stop number

* if arcraft gays on arrrent (intended) pah

Aircrat | Track Cantrol Vertical Turning Next Secbor Not in Will Weaher
velocity Secor | airspace |[comm with| violate |will impact
violation in|  secbr SUA next | innext5
next 2 2 mn* min*
min*
1 my control in level straight
next 2 mn climbing left

othe in sector | descending right

2 my control in level straight
next 2 min climbing left
othe in sector | descending right

3 my control in level straight
next 2 mn climbing left

othe in sector | descending right

4 my control in level straight
next 2 min climbing left
othe in sctor | descending right

5 my control in level straight
next 2 mn climbing left

othe in sector | descending right

6 my control in level straight
next 2 min climbing left
othe in sctor | descending right

7 my control in level straight
next 2 mn climbing left

othe in sector | descending right

8 my control in level straight
next 2 min climbing left
othe in sctor | descending right
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Which pairs of aircraft have lost ar will lo se sepration if they stay
on their current

(intended)courses?

Which aircraft have been ssued advsories for stuations Recevedcorecly? Conforming to advisay?
that are notyet resolved?

Y /N Y /N
Y/N Y /N
Y/N Y /N
Y/N Y /N
Y/N Y /N
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